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1. Introduction 
 
1.1. Background 
 
The consequences of urbanization are displayed in many ways, and with 
urbanization showing no signs of slowing down, this poses major threats to 
biodiversity. In the United States, 2.2 million acres (ca. 890,308 ha) of farmland 
and open space are being converted into new urban areas per year, yet rapid 
urbanization is not unique to the United States (McFrederick & LeBuhn 2005). In 
Finland, a country typically thought of with regards to its open spaces, forests, 
and lakes, urbanization is also occurring. The proportion of people living in urban 
areas in Finland has increased from 38.4% in 1960 (Evers et al. 2000) to 83.8% in 
2012 (United Nations 2014). While the overall population of Europe is 
decreasing, it is estimated that approximately 80% of the European population 
will be residing in urban areas within the next 20 years (Hennig & Ghazoul 2012). 
As the trend of people moving to urban areas continues, deleterious effects are 
expected on the urban biota.  
 
While the effects of urbanization on the natural environment are numerous and 
multidimensional, of particular interest is that of habitat loss and fragmentation. 
Habitat fragmentation and loss negatively affect most animals residing in urban 
areas, no less so for pollinator communities. Indeed, the decline of pollinators due 
to urbanization is not a new issue (McIntyre & Hostetler 2001, Biesmeijer et al. 
2006, Stokstad 2006, Fitzpatrick et al. 2007, Goulson et al. 2008, Grixti et al. 
2009, Cameron et al. 2011, Thomann et al. 2013), and is of great concern because 
pollinators are seen as keystone species on which many other species depend for 
their survival (McIntyre & Hostetler 2001). Approximately 80% of wild plant 
species and 75% of cultivated plant species rely on insects, particularly bees, for 
pollination (Thomann et al. 2013). Due to the fact that pollinators and the plants 
that are dependent on their services coexist mutualistically (Lever et al. 2014), 
there is great concern that community-level cascades of decline (trophic cascades) 
may occur (Biesmeijer et al. 2006). Biesmeijer et al. (2006) showed that 
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pollinators and the plants they pollinate are declining in tandem. A diversity of 
pollinators translates to a diversity of plant communities and vice versa, thereby 
indicating the need for preserving pollinator communities with fervor (Stokstad 
2006). 
 
The role of insect pollinators in ecosystem functioning, such as bumblebees, is 
considerable as Potts et al. (2010) state that in 2005 insect pollination services 
equated to a €153 billion industry, globally. While the urban matrix may contain 
habitat patches in which pollinator species survive (i.e. community gardens, green 
roofs, urban parks), it is still relatively unknown whether these patches are of 
suitable quality for the continued persistence of these species (Connor et al. 
2002). Furthermore, these species need to be able to disperse between remnant 
patches, despite the surrounding matrix of inhospitable land use (impervious 
surfaces). Adverse habitat changes that negatively affect the survival of 
bumblebee species include: altered host-plant quality, soil attributes, 
microclimate, enemy attack, pesticides, air pollution, changes in light, nutrient, 
and water regimes, soil compaction, and exotic species (Connor et al. 2002). 
While bees have been shown to persist in urban environments, it is evident that 
greenspace conservation is important in order to preserve habitat for species 
survival (McFrederick & LeBuhn 2005, Matteson et al. 2008, Wojcik et al. 2008, 
Ahrné et al. 2009, Matteson & Langellotto 2010).  
 
A fundamental question in the survival of pollinators in urban environments is 
whether they are affected by local food sources provided (i.e. flowering plants 
available) compared to features of the landscape (i.e. the urban landscape 
characterized by fragmented and isolated patches) (Ahrné et al. 2009). A plethora 
of studies have investigated the influence of both local and landscape factors on 
pollinator communities, yet both have been shown to predict the presence of 
species. For example, the studies of McFrederick & LeBuhn (2005), Matteson et 
al. (2008), Carré et al. (2009), Samnegård et al. (2011), and Tonietto et al. (2011) 
all demonstrated that landscape variables influenced the presence of pollinators in 
their respective studies. Conversely, McIntyre & Hostetler (2001), Tommasi et al. 
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(2004), Ahrné et al. (2009), Matteson & Langellotto (2010), Hennig & Ghazoul 
(2012), and Wojcik & McBride (2012) all demonstrated that local variables 
influenced the presence of pollinators. Therefore, in this study, community 
gardens served to provide a good opportunity to further study the effects of both 
local (immediate resources such as flowering plants) and landscape (level of 
urbanization) variables on the diversity of pollinators (bees) in an urban 
environment – Helsinki, Finland.  
 
1.2. Urban bees 
 
The importance of pollination by bumblebees is considered second only to that of 
honeybees due to bumblebees’ hardiness, long tongues (ability to use various 
kinds of food sources – flowers), ability to forage at low temperatures, and their 
“buzz pollination behavior” which results in a more effective pollen transfer due 
to their high-frequency buzzing (Grixti et al. 2009, Cameron et al. 2011). While 
honeybees are preferred in terms of pollination services (Carré et al. 2009), their 
native range does not extend to Finland (Söderman & Leinonen 2003). This 
limited range requires us to be vigilant about bumblebee declines in Finland 
because they are the native pollinators of that country. Yet, as mentioned above, 
bumblebees are at risk due to a plethora of reasons: reductions in floral resources, 
loss of nest sites, pesticides, impacts of nonnative bees, and habitat fragmentation 
and loss (Goulson et al. 2008). Different species of bumblebees are affected 
differently by urbanization due to their different foraging ranges. Goulson et al. 
(2008) note that some species can forage further, such as Bombus terrestris and B. 
lapidarius, while other species are “doorstep foragers,” such as B. pascuorum and 
B. ruderarius, with the logic that a larger foraging range equates to a greater 
chance of survival in an area where habitats are isolated (i.e. urban areas).  
 
While it has been shown that urban areas can result in a decrease in species and 
potential dead zones (Fitzpatrick et al. 2007, Ahrné et al. 2009), it has also been 
shown that bumblebees can have a greater abundance in urban parks versus 
nearby wilder parks (McFrederick & LeBuhn 2005). The reason may be that 
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urban areas still include “flower rich green areas,” such as parks, community and 
private gardens, green roofs, and road verges, i.e. points of refuge in the urban 
matrix where bumblebees can thrive if provided with the right resources (Ahrné et 
al. 2009). Fitzpatrick et al. (2007) suggested that if a minimum 25% of semi-
natural cover is maintained in an urban area then the region’s bee fauna can be 
conserved, and community gardens are one way to achieve this goal. Potts et al. 
(2010) suggest that some species can potentially benefit from moderate levels of 
disturbance (e.g. resources in multiple habitats) as a result of the mobility of bees, 
which enables them to utilize patchy resources. 
 
1.3. Community gardens 
 
Urban areas are characterized by a patchiness of many unique habitats, of which 
community gardens is one. Community gardens (or allotment gardens) are non-
commercial spaces reserved for horticulture in which individual parcels are rented 
out to individuals so that they may grow vegetables, flowers, etc. (Ahrné et al. 
2009). Community gardens are growing in popularity in metropolises for many 
reasons, the obvious being for their food production potential, but also for their 
flower growing potential, and facilitation as a refuge from busy cities (Matteson 
& Langellotto 2010, Corrigan 2011). Furthermore, community gardens are an 
invaluable space in urban areas due to their ability to foster a connection with 
nature. Goddard et al. (2010) stated that urban dwellers are currently suffering 
from an “extinction of experience” due to their disconnection from nature. These 
aspects of community gardens create benefits for human health on a multitude of 
levels, including quality of life (Goddard et al. 2010).  
 
Due to urban sprawl, the benefits of urban greenspaces are obvious, especially in 
the creation of areas for the preservation of biodiversity (Goddard et al. 2010). 
The ecological value of community gardens can be substantial through the 
creation of habitat for bumblebees. The integration of native plants in yards and 
gardens is a means to both attract and conserve wildlife (i.e. bumblebees) in urban 
areas (Matteson & Langellotto 2010). Pollinator patches, as they are aptly named, 
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are springing up in many gardeners’ plots, coinciding with a growing awareness 
of the benefits of pollinator species in maintaining a successful garden (Wojcik et 
al. 2008, Matteson & Langellotto 2010). In the quest to create sustainable cities, 
an integral component is effectively functioning ecosystems, which includes 
pollination, as it is a supporting ecosystem service for both plants and crops 
(Hennig & Ghazoul 2012). Therefore, the maintenance of pollinator species can 
be of great importance for the continued persistence of flowering plants (Hennig 
& Ghazoul 2012). Ideally, community gardens could function as both habitats and 
stepping stones between other suitable habitat patches for bumblebees within the 
urban matrix (Hennig & Ghazoul 2012).  
 
1.4. Community gardens and the bees  
 
Of primary focus in this study is to assess the abundance and diversity of 
bumblebees in community gardens. As community gardens are being created all 
over metropolitan areas, it is thought that these greenspaces could also function as 
habitat for bumblebees (Corrigan 2011). In order for bumblebees to survive they 
require nest sites, building materials for their nest (i.e. rodent fur and grasses), and 
food, such as nectar and pollen from flowers (McFrederick & LeBuhn 2005). The 
logic is that if gardeners grow plant species that attract bumblebees, then the 
gardeners are able to help sustain the pollination network (Comba et al. 1999). A 
common impediment to bumblebee survival in the urban matrix is the compaction 
of soils, or worse, sealed surfaces (i.e. impervious surfaces) (Matteson & 
Langellotto 2011). Yet, if gardens could be managed in a way to allow the 
accumulation of detritus, this would provide a suitable nesting habitat for 
bumblebees (Matteson & Langellotto 2011). Smith et al. (2006) noted that even if 
bumblebees rarely nest in gardens, they are present in these greenspaces, 
indicating that regardless of the nesting potential of the gardens, bumblebees are 
highly mobile, and will readily exploit the garden’s resources.  
 
Wojcik et al. (2008) suggested that while the resources present in gardens will 
naturally not be equal to those in a natural landscape with regards to quality, size, 
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connectivity, distribution, or phenology, those resources present in a garden could 
still be more than adequate for species survival. If community gardens were 
thoughtfully planted, and therefore able to function as islands of suitable habitat, 
this would further aid in bees being able to successfully navigate throughout the 
otherwise “inhospitable sea of development” (McFrederick & LeBuhn 2005). The 
foraging distance of a bumblebee can subsequently influence the genetic structure 
of the plant populations, thus further promoting the need in conservation 
strategies for a more interconnected network of greenspaces in the urban matrix in 
order to facilitate bumblebee foraging (i.e. including green roofs, etc.) (Greenleaf 
et al. 2007).  
 
Many studies have been conducted regarding urban bumblebee conservation, 
however, a disproportionate amount of research has been done in North America, 
Brazil and Germany, followed by the United Kingdom and Europe as a whole 
(Hernandez et al. 2009). Nevertheless, even with an uneven distribution of urban 
bee studies, some interesting conclusions have been reached, such as the above-
mentioned study in San Francisco that reported a greater bee abundance in urban 
parks than in nearby wilder parks, in what is an otherwise conventionally dense 
urban metropolis (McFrederick & LeBuhn 2005). Goddard et al. (2010) note that 
it is an area of debate in urban ecology regarding the importance of local versus 
regional variables in the determination of biodiversity, and that is what I aimed to 
further assess in my study. Lastly, in a study conducted by Andersson et al. 
(2007), an interesting idea was presented regarding the relationship between bee 
abundance and local ecological knowledge (LEK). Andersson et al. (2007) 
describe LEK as “knowledge held by an individual or a specific group of people 
about their local ecosystem.” Andersson et al. (2007) go on to indicate that 
individuals with an increased LEK are more apt to encourage biological diversity 
in their greenspace. Therefore, it is valuable to educate the layperson (e.g. urban 
dwellers, community gardeners) about the ecological importance of pollinators in 
the urban landscape. In conjunction, if individuals that are knowledgeable about 
the ecological importance of pollinators are integrated into greenspace 
management then it is possible that bumblebee abundance and diversity could be 
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enhanced. A move towards co-management is what many scientists have 
suggested as a means to ensure the maintenance of urban greenspaces that favor 
biodiversity (Andersson et al. 2007).  
 
1.5. Objective and hypotheses 
 
My overall aim was to investigate the relative contributions of local effects 
(vegetation abundance and flower abundance) and regional drivers (the effects of 
urbanization in terms of the proportions of different landscape elements in the 
surroundings of the gardens) on bee abundance and diversity in the community 
gardens of the Helsinki Metropolitan Area. Specifically, I hypothesized the 
following: 
 
• Bee abundance and species richness are expected to respond negatively to 
increased levels of urbanization, calculated as the percentage of 
impervious surfaces surrounding the community gardens (Ahrné et al. 
2009, Matteson & Langellotto 2010). Other landscape variables tested 
included the proportion of forests and open grasslands surrounding these 
gardens. I hypothesize that an increasing proportion of tree cover would 
affect both bee abundance and species richness negatively, yet both would 
positively be affected by increasing percentages of grassland, due to its 
potential to provide additional habitat to the bees (McFrederick & LeBuhn 
2005, Tonietto et al. 2011).  
• Bee abundance and species richness are expected to respond positively to 
an increase in flower and vegetation cover within community gardens 
(Ahrné et al. 2009). I hypothesize both bee abundance and species 
richness would respond positively to an increase in garden size (hectares) 
(Wojcik & McBride 2012). 
 
Additionally, I surveyed community gardeners with a questionnaire in order to get 
a perspective on their willingness to plant specifically to encourage bee 
pollinators, and to capture their overall perception of bees. More specifically, as 
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education has been show to influence attitudes towards the environment (Tikka et 
al. 2000), I examined how the level of education of the gardeners affects their 
perception of bees. The hypotheses were: 
 
• Level of gardener education is positively correlated to i) the willingness to 
plant specifically to attract bees, ii) the perception of the amount of bees in 
the garden, and iii) the desire to see more bees in the garden.  
• The amount of gardeners who plant flowers is positively correlated to both 
bee species richness and bee abundance of the garden. I also explored 
other issues related to gardeners’ opinions and preferences for their plots, 
for example, in addition to flower species, what species of vegetables, 
herbs, and fruits the gardeners plant, pesticide/herbicide usage, and if the 
gardeners had any other thoughts about bees that they felt like sharing. 
 
 
2. Material and Methods 
 
2.1. Study area 
 
The study was conducted in 12 community gardens spread throughout the city of 
Helsinki, southern Finland (Fig. 1). The study sites were chosen out of the 39 
community gardens in Helsinki, which can be found at the garden website, and 
the 12 sites at which the study was conducted are listed in Table 1.  
 
The study sites were chosen along a gradient of urbanization within 500 m of the 
gardens, from low to high urbanization. 500 m was chosen because it has been 
shown that bumblebees typically forage around 200 m to 300 m from their nest, 
but have been found up to 2 km from their nests (McFrederick & LeBuhn 2005). I 
used a definition of urbanization based on impervious surfaces, and 
operationalized it according to the goals of this study. The assessment of the level 
of urbanization was conducted using Geographic Information Systems (GIS). 
With the use of ESRI ArcGIS, and the latest data from the National Land Survey  
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of Finland (spatial resolution: 10 by 10 meters) regarding land use types in the 
Helsinki metropolitan region, the different land use types within 500 m of the 
gardens were quantified (Table 2). In short, the percentage of greenspace in the 
vicinity of the gardens – the percentage of potential alternative habitat, such as 
fields, grasslands, and parks – and the percentage of isolation, i.e. number of 
roads within 500 m from the gardens were assessed. After quantifying the 
percentage of each land use type, a distinction was made regarding what is 
considered impermeable, and therefore inhospitable to bees, and ultimately these 
land use types were regarded as urban. I summed the percentage of urban area 
surrounding each of the 39 gardens in the city, and then selected 12 gardens along 
a gradient of urbanization, varying from low (6.4%) to high (62.4%). 
Figure 1. Localities of the 12 community gardens studied in Helsinki (Finland), 
and their corresponding 500 m buffer zones. Blue = Baltic Sea; gray circles = 
500 m buffer surrounding each garden; black stars = garden location; white 
square = center of Helsinki, Finland. (Map produced by Jessica Latus. The 
source of the land use data is the SLICES dataset by the National Land Survey 
of Finland). 
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Garden # Garden Name % Imperviousness Location 
3 Herttoniemi, hyppyrimäki 6.38 60.210N 25.028E 
1 Uutela, Vuosaari, Uutelantie 7.29 60.199N 25.173E 
2 Pakila, Pakilan rantatie 15.57 60.248N 24.972E 
4 Viikki, Viikin puutarhaviljelyskeskus 20.40 60.228N 25.039E 
10 Itäväylä, Mellunmäki, Yllästunturinkuja 30.08 60.235N 25.132E 
7 Talinlehto, Tali, Talin puistotie 32.09 60.214N 24.862E 
5 Meilahti, Meilahdentie 39.46 60.191N 24.891E 
9 Puotila, Juorumäki, Puotilantie 44.11 60.211N 25.108E 
6 Myllypuro, Viikintie–Viilarintie kolmio 44.70 60.218N 25.048E 
11 Haaga, Ohjaajantie 49.30 60.224N 24.889E 
8 Malmi, Karviaismäki 54.48 60.243N 25.007E 
12 Korpas, Niemenmäki, Korppaanpuisto 62.42 60.206N 24.885E 
Table 1. The community garden sites selected in Helsinki (Finland). Taken from 
http://www.hel.fi/www/Helsinki/fi/kulttuuri-ja-vapaa-aika/muu-vapaa-aika/mokit-ja-
viljelyspalstat/viljelyspalstat/ (accessed: 25.2.2014). The coordinates are presented in the 
World Geodetic System (WGS84). 
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2.2. Taking samples 
 
I collected bees between the months of June and September of 2013. Two 
methods of collecting bees were utilized: sweep netting (2.2.1.) and pan trapping 
(2.2.2.). Sweep netting is an active technique that collects insects in flight, while 
pan trapping is a technique that attracts bees to brightly colored dishes that are 
filled with soapy water (Wojcik et al. 2008). Sweep netting was conducted five 
times throughout the season, and pan traps were utilized six times. In addition, a 
vegetation assessment was conducted four times throughout the season. Lastly, a 
questionnaire was given to five gardeners per community garden, and this work 
was carried out throughout the duration of the field work season. At the end of the 
field season, the bee specimen collected were sorted and identified.  
 
2.2.1. Sweep netting 
 
Sweep netting was conducted five times throughout the season. The first 
collection was done in June of 2013, while the last was done in September of 
2013. A large butterfly net, with a diameter of 35 cm and a mesh size of 0.5 mm, 
was used to actively collect bumblebees from the gardens. I walked randomly and 
actively throughout the garden to capture the bees, beginning a stopwatch at the 
onset of my sweep, and stopping the clock every time I caught a specimen, in 
order to guarantee a consistent amount of sampling time in every location. The 
first three of the five sweep events were conducted for a period of five minutes, 
while the last two sweep events were conducted for a period of 30 minutes each. 
All bumblebees captured during the sweep netting were killed using a killing jar 
(filled with ethyl acetate) and bagged according to garden location, and placed in 
a freezer. Sampling was only conducted on sunny and warm days (Fig. 2).  
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2.2.2. Pan trapping 
 
Pan traps of three colors were used for the study: white, blue and yellow. The 
visual acuity of most Hymenoptera extends only to yellow, blue, and ultra-violet, 
hence the reason for using yellow, blue, and white pans in my study (McIntyre & 
Hostetler 2001). Furthermore, Leong & Thorp (1999) indicated that as flower-
visiting insects, bees are ideal candidates for pan trap sampling, due to the 
resemblance of the pan trap color to the host plant. Pan traps (170 mm diameter) 
were utilized six times during the season beginning in June of 2013 and ending in 
September of 2013.  
 
During a 48 hour intensive sampling period, (beginning in the early morning of 
one day and ending the following day in the early evening), nine pans were placed 
in each garden on the first day, and then retrieved on the second. At each garden, 
a total of nine pans were set out for a period of approximately 24 hours; three 
white, three blue and three yellow pans. A set of pans (one white, one blue and 
one yellow) was grouped together in a randomly selected locality within the 
garden, while the two other sets were in yet two other randomly selected localities 
within the garden. After the pans were laid down, a rock was placed inside to 
ground the pan, and a soap water solution was poured into the pan (to act as a 
surfactant) until it was full (Fig. 2b). Approximately 24 hours after the pans were 
set out, they were retrieved, and all contents were bagged and placed in a freezer. 
The contents were separated by site and the contents of the blue pans were kept 
together in one bag, and similarly the contents of the white pans and yellow pans 
were also kept in their own bags. At each subsequent visit, the pans were placed 
in different, randomly selected localities. The pans were placed as early as 7:00 
and retrieved as late as 19:30. Just as with the sweep netting, the days sampled 
were sunny and warm.  
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2.2.3. Vegetation sampling 
 
Vegetation sampling was conducted four times throughout the season by 
randomly selecting ten, 1 x 1 m plots in each garden. The following variables 
were measured from each plot: percentage vegetation cover, percentage of 
flowers, and average height of all vegetation (cm). The mean of each variable 
measured was calculated for the whole garden per visit. Ultimately, the mean of 
each variable was calculated for each garden for the whole season for 
representative purposes (see Table 2). However, the means that were calculated 
Figure 2a. Figure 2b. 
Figure 2d. Figure 2c. 
Figure 2. Pictures of a few of the community gardens. a: bumblebee on a flower 
before captured via sweep net – b: bumblebee in a yellow pan trap – c: entrance to a 
garden – d: garden during peak season. 
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per visit were then associated as closely as possible to the bee sampling dates for 
the purposes of statistical analysis (see section 2.4). These local variables were 
used in the statistical analyses to evaluate the roles of local versus regional drivers 
on the abundance and diversity of bees in community gardens. 
 
2.2.4. Questionnaire  
 
Gardeners at each location were surveyed in order to assess if they would ever 
plant specifically for bees, their perception of the amount of bees in the garden, 
and whether or not they were open to seeing more bees. The questionnaire 
ultimately attempted to assess how important the gardeners valued the bees in the 
overall functioning of their garden. Surveys were conducted throughout the 
duration of the field season (June – September). In each of the 12 gardens, five 
gardeners were surveyed, resulting in 60 surveys in total. Gardeners were first 
asked 13 questions about their perception of the bees and then a series of 
questions regarding their background (Appendix 1). Gardeners’ willingness to 
plant specifically to attract bees was assessed by asking: “Would you ever plant 
specifically to attract bees in your allotment?”, their overall perception of bees by 
asking: “What do you think about the amount of bees in your allotment?”, and 
their willingness to see more bees in their plots by asking: “Would you like to see 
more bees in your plot?”. The correlation between growing flowers and bee 
species richness and abundance was assessed by asking: “What kind of plants do 
you have in your allotment? Tick all the plant types you know you have in your 
allotment and name the species that you are aware of growing in your allotment.” 
I also explored what else the gardeners were growing via the same question. 
Additionally, pesticide/herbicide usage was assessed by asking: “Do you use any 
pesticides or herbicides in your allotment?”, and lastly there was an open-ended 
question in which I asked the gardeners: “Any other thoughts about bees?”.  
 
I sampled the respondents by wandering throughout the gardens looking for 
potentially willing respondents, and I approached them in their plot to inquire 
whether or not they would be willing to aid in my research. I surveyed gardeners 
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that were in their plots when time permitted during bee sampling (see sections 
2.2.1 – 2.2.3) and on separate trips designated specifically for surveying. A 
handful of gardeners were disinterested in answering the questionnaire, yet I 
moved on to find another willing respondent. In the end, I was successful in 
finding five respondents per garden, 60 in total. The questionnaires were 
developed in collaboration with an expert in the field of landscape perception 
research (Kaisa Hauru, University of Helsinki, Dept. Environmental Sciences) 
and the questions were presented in both Finnish and English. 
 
2.3. Bee and wasp identification 
 
At the end of the field season, the samples collected were defrosted and sorted. 
All specimen were placed in ethyl alcohol and then pinned. After pinning, I 
identified the bumblebees to species level utilizing a reference collection and 
identification keys provided by Juho Paukkunen (Finnish Museum of Natural 
History): Løken (1973), Løken (1984), Söderman & Leinonen (2003), Mossberg 
& Cederberg (2012). Mr. Paukkunen then identified the solitary bees and aculeate 
wasps to species level. He also confirmed my identifications of the bumblebees. 
All specimen were labeled and are stored at the Finnish Museum of Natural 
History in Helsinki, Finland. 
 
2.4. Statistical analyses 
 
Generalized Linear Mixed Effects models – GLMM – (glmer function in the lme4 
package of R) (R Core Team 2012) were used to test my hypotheses. Four 
analyses were performed; two on the sweep net data (bumblebee abundance and 
species richness) and two on the pan trap data (bee and wasp abundance and 
species richness). All non-Bombus spp. data were left out of the sweep netting 
models due to the focus on Bombus species with this method. The following fixed 
effects were included in the analyses: 1) % imperviousness in the 500 m buffer, 2) 
% forest in the 500 m buffer, 3) % grassland in the 500 m buffer, 4) community 
garden size in ha (variables 1 – 4 represent landscape variables), 5) mean % 
flower cover, 6) mean % vegetation cover, 7) mean height of vegetation/flowers 
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(cm) (variables 5 – 7 represent local variables). Community garden was included 
as a random factor and minutes (or number of pan traps) as an offset term to 
account for slight differences in sampling intensity between the gardens. The 
response variable (number of bumblebee individuals and species via sweep 
netting, and number of bee and wasp individuals and species via pan trapping) 
was modeled following a Poisson error distribution (see O’Hara & Kotze 2010) 
with an individual-level random effect included to deal with possible 
overdispersion. All explanatory variables (both local and landscape variables) 
were subject to model selection. Terms were dropped if their p-values were larger 
than 0.1 and their AIC value (see Burnham & Anderson 2002) decreased after 
removing the term. This was done to identify the most significant terms, and to 
simplify the models. I also tested for differences in numbers of bee and wasp 
individuals, as well as species, collected from pans of different color (blue, yellow 
and white) using analysis of variance. Both numbers of individuals and species 
were square-root transformed to approach approximate normality. For all three 
questionnaire hypotheses (see section 1.5) concerning the perception of bees 
between education levels, both a cross-tabulation and χ2-test was done for each. 
 
 
3. Results 
 
A total of 50 species and 290 individuals were collected (Table 3). 133 
individuals (10 Bombus spp. + Apis mellifera) were collected using sweep netting, 
while 157 individuals (and 47 species) were collected using pan traps. Eight of the 
species overlapped between the two methods. B. terrestris was the most abundant 
Bombus species via sweep netting with 86 individuals collected (64.7% of the 
total sweep catch). B. lucorum was the most abundant Bombus species collected 
via pan trapping with 7 individuals (33.3% of all Bombus spp. caught from the 
pans and 4.5% of the total catch from the pans). Overall however, B. terrestris 
was the most abundant Bombus species collected, with 90 individuals (31.0% of 
the total catch). Furthermore, three rare species were caught. Andrena coitana is 
classified as vulnerable (VU) in the Finnish red list (2010), as is A. minutula 
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(Rassi et al 2010). Priocnemis cordivalvata is classified as near threatened (NT) 
in the Finnish red list (Rassi et al. 2010). Additionally, according to Juho 
Paukkunen (pers comm.), P. hyalinata is quite rare, although it is not yet red  
listed.  
 
 1 2 3 4 5 6 7 8 9 10 11 12 Total 
Apidae              
Bombus 
distinguendus            1 1 
B. hypnorum   1      1    2 
B. lapidarius  3  1 1  3  2  1  11 
B. lucorum 
coll. **** 2  2  1 1  2 3  4  15 
B. pascuorum 5  1  2      2  10 
B. ruderarius           1 1 2 
B. rupestris            1 1 
B. soroeensis   2  1        3 
B. terrestris 2 3 5 12 7 12 8 5 10 8 11 3 86 
Apis mellifera  1           1 
              
Andrenidae              
Andrena 
nigroaenea 1            1 
              
Total 10 7 11 13 12 13 11 7 16 8 19 6 133 
 1 2 3 4 5 6 7 8 9 10 11 12 Total 
Apidae              
B. hortorum   1          1 
B. lapidarius  2  1 1        4 
B. lucorum 
coll. ****   2  1   1 1  1 1 7 
B. pascuorum   1   2       3 
B. rupestris    1         1 
B. soroeensis      1       1 
B. terrestris  1  1 1       1 4 
A. mellifera  2  2    1 3    8 
Epeoloides 
coecutiens 2            2 
Table 3. All species collected at all 12 community garden sites (numbered #1 - #12). 
(a) Species collected via sweep netting. (b) Species collected via pan trapping.   
 
Table 3a. 
Table 3b. 
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Andrenidae              
A. nigroaenea      1       1 
A. coitana ***      1       1 
A. minutula 
***         1 1   2 
A. subopaca            1 1 
              
Megachilidae              
Anthidium 
manicatum         1    1 
Megachile 
versicolor       1      1 
M. ligniseca      1       1 
Hoplitis 
claviventris    1         1 
Chelostoma 
campanularum  1           1 
              
Melittidae              
Macropis 
europaea 1       1     2 
              
Halictidae              
Lasioglossum 
albipes 1        3    4 
L. calceatum 1   1         2 
L. leucopus   1 1    2 3 1 1  9 
L. zonulum 2  1      1    4 
L. rufitarse          1   1 
Halictus 
tumulorum 4 5 3 1  1  1 3    18 
H. rubicundus 1  1          2 
Sphecodes 
geoffrellus 2        2    4 
S. pellucidus   2          2 
              
Colletidae              
Hylaeus 
confusus 2        2  1  5 
H. rinki  1           1 
H. communis   2          2 
              
Vespidae              
Vespula 
germanica  1    1  1 3 1 1 1 9 
V. vulgaris      1 3 2 1  2  9 
Dolichovespula 
sylvestris    1     2    3 
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GLMM results (using bumblebee data only for the sweep netting, and all bee and 
wasp specimen from the pan traps) are shown for the factors that were retained 
after model selection (Table 4). None of the variables were retained in the sweep 
netting species richness models (given the model selection criteria set, see above), 
but the last variable was kept for illustrative purposes (percentage of grassland). 
In short, none of the variables tested explained the variation of species richness 
via sweep netting.  
 
Pompilidae              
Anoplius 
nigerrimus    1 1    4 1 2  9 
A. infuscatus 4        6  2  12 
Arachnospila 
anceps      1   1    2 
A. spissa          1   1 
Priocnemis 
exaltata  1        1   2 
P. hyalinata * 2            2 
P. cordivalvata 
**          1   1 
              
Crabronidae              
Oxybelus 
trispinosus   1        1  2 
Pemphredon 
inornata         1    1 
Passaloecus 
singularis   1      2    3 
Astata boops         2    2 
Nysson 
spinosus 1            1 
Trypoxylon 
minus  1           1 
              
Total 23 15 16 11 4 10 4 9 42 8 11 4 157 
* = quite rare, althought not yet red listed 
** = classified as near threatened (NT) in the Finnish red list (2010) 
*** = classified as vulnerable (VU) in the Finnish red list (2010) 
**** Bombus lucorum group consists of three species in Finland, B. lucorum, B. cryptarum 
and B. magnus (Probably most or all of the specimen belong to B. lucorum, which is  the most 
common of the three species) 
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3.1. Sweep netting 
 
The sweep netting bumblebee abundance model retained three significant 
predictor variables, one landscape variable (size of community garden) and two 
local variables (flower cover and vegetation cover)  (Table 4, Fig. 3). The size 
(ha) of the community garden, and the percentage of flower cover in the garden 
both had a significant positive effect on the number of bumblebee individuals 
collected. On the other hand, bumblebee abundance decreased with an increase in 
the percentage of vegetation cover. None of the variables were significantly 
associated with bumblebee species richness, but the last term in the model was 
retained, which was a landscape variable – percentage of grassland in the 
landscape (Table 4).  
 
Table 4. Generalized linear mixed effects model results for abundance and species 
richness collected by sweep netting (bumblebees) and by pan traps (bees and wasps). ha 
= hectares of the garden; grass = % grassland in the 500 m buffer of the garden; 
coverM = mean % of vegetation cover in the garden; flowerM = mean % of flower 
cover in the garden; heightM = mean height of vegetation/flowers in the garden (cm). 
 
Intercept ha grass coverM flowerM heightM
coefficient -2.152 0.237 -0.024 0.028
SE (0.613) (0.134) (0.010) (0.016)
p-value < 0.001 0.077 0.022 0.079
coefficient -2.057 -0.014
SE (0.427) (0.012)
p-value < 0.001 0.231
coefficient -3.870 0.310 0.031 -0.022
SE (0.700) (0.121) (0.011) (0.013)
p-value < 0.001 0.010 0.006 0.093
coefficient -2.981 0.031 -0.026
SE (0.543) (0.009) (0.010)
p-value < 0.001 < 0.001 0.010
Sweep - Bombus 
abundance
Sweep - Bombus 
species richness
Pan -bee and 
wasp abundance
Pan -bee and 
wasp species 
richness
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3.2. Pan trapping 
 
Three predictor variables were retained in the pan trapping bee and wasp 
abundance model; two local variables (vegetation cover and vegetation height) 
and one landscape (size of community garden) (Table 4, Fig.4). Both the size of 
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Figure 3. Generalized linear mixed effects model results for sweep netting 
abundance results. Top = hectares versus bumblebee abundance. Middle = 
vegetation cover versus bumblebee abundance. Bottom = flower cover 
versus bumblebee abundance. 
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the community garden (ha) and the percentage of vegetation cover had a positive 
effect on the predicted number of bee and wasp individuals collected in the pans, 
while the average height of the vegetation had a negative effect.  
 
 
Figure 4. Generalized linear mixed effects model results for pan trap 
abundance results. Top = hectares versus bee and wasp abundance. 
Middle = vegetation cover versus bee and wasp abundance. Bottom = 
vegetation height versus bee and wasp abundance. 
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Two predictor variables were retained in the pan trap species richness analysis; 
both local variables (Table 4, Fig. 5). The percentage of vegetation cover affected 
bee and wasp species richness positively, while the average height of vegetation 
cover affected species richness negatively. The results for both pan trap 
abundance and species richness are displayed “per 7 pan traps” due to the fact that 
some pans were lost, resulting in an average of 7 active traps per site.  
 
 
 
 
Figure 5. Generalized linear mixed effects model results 
for pan trap species richness results. Top = vegetation 
cover versus bee and wasp species richness. Bottom = 
vegetation height versus bee and wasp species richness. 
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Pan traps of different color did not collect significantly different numbers of bee 
and wasp individuals (F2,33 = 0.642, p = 0.533) or species (F2,33 = 1.151, p = 
0.329) (Fig. 6).  
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Figure 6. Mean (+-SE) number of bee and wasp individuals 
(a) and number of bee and wasp species (b) collected in pan 
traps of different color.  
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3.3. Questionnaire 
 
Overall, 76.3% of the gardeners have had their plot for three or more years, 80.0% 
were female, 27.9% were between 61-70 years old, and 37.9% with some 
undergraduate education and/or vocational schooling (Table 5).  
 
No statistically significant differences were found between education levels in 
terms of the three perception measures, i) willingness to plant specifically to 
attract bees, ii) opinion of the amount of bees in the allotment, and iii) willingness 
to have more bees in the plot. For each of the perception measures (i – iii), the χ2-
test results and corresponding p-values are the following: i: χ2 = 12.49, p = 0.25; 
ii: χ2 = 8.83, p = 0.55; iii: χ2 = 13.78, p = 0.18. However, when the cross-
tabulations were evaluated in more detail, it became clear that the respondents 
were very positive towards bees in their plots (Table 6 i – iii). For example, 
71.4% of respondents stated that they would plant specifically to attract bees 
(Table 6i). Similarly, over half (54.4%) of the respondents indicated that they 
thought there were “too little” bees in their allotment (Table 6ii). Lastly, 92.8% of 
respondents indicated that they would either like to see “a lot” (58.9%), or “a 
little” (33.9%), bit more bees in their plot (Table 6iii). 
 
All but one gardener acknowledged planting flowers, therefore making it 
irrelevant to test a hypothesis between gardeners who plant flowers, and the 
corresponding bee species richness and abundance of the gardens. Additionally, 
60 gardeners answered question three, which asked about what the respondent 
planted in their plot, 55 of whom listed explicitly what they were growing 
(Appendix 2). A low amount of gardeners claimed to use pesticides and/or 
herbicides; only four gardeners reported occasional usage. Lastly, most gardeners, 
as already mentioned, seemed favorable to the bees, even indicating in the 
optional question 13 either positive or neutral responses when asked “Any other 
thoughts about bees?” (Appendix 3). Only one respondent had something 
negative to say about the bees. 
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Gender1 n Percentage (%) of 
Total n  
Male 12 20.0% 
Female 48 80.0% 
   
 
Age in years2 n Percentage (%) of 
Total n 
18-20 0 0.0% 
21-30 2 3.3% 
31-40 8 13.1% 
41-50 10 16.4% 
51-60 14 23.0% 
61-70 17 27.9% 
71< 10 16.4% 
   
 
Education level3 n Percentage (%) of 
Total n 
Secondary school 7 12.1% 
Vocational school / Some 
undergraduate degree 22 37.9% 
Bachelor’s degree 6 10.3% 
Master’s degree 15 25.9% 
Doctorate degree 2 3.4% 
Other 6 10.3% 
   
 
Time the Respondent Has 
Owned the Allotment 
n Percentage (%) of 
Total n 
Less than one year 5 8.5% 
One-two years 4 6.8% 
Two-three years 5 8.5% 
Three or more years 45 76.3% 
Table 5. Gardener background information. Total n = 60 
1There were two respondents who indicated multiple gender brackets, but 
a coin flip was performed to deal with this issue. 2There was one 
respondent that indicated multiple age brackets, and a coin flip was 
performed to deal with this. 3The responses “vocational school” and 
“some undergraduate degree” (that were separate options in the survey) 
were combined based on a similar distinction in most contexts. 
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(i) Would you ever plant specifically to attract bees in your allotment? 
Education level Yes No I don’t know Total 
Secondary school 5 (71.4%) 2 (28.6%) 0 (0.0%) 7 (100.0%) 
Vocational school / 
Some undergraduate 
degree 
17 (81.0%) 1 (4.8%) 3 (14.3%) 21 (100.0%) 
Bachelor’s degree 4 (66.7%) 2 (33.3%) 0 (0.0%) 6 (100.0%) 
Master’s degree 11 (78.6%) 1 (7.1%) 2 (14.3%) 14 (100.0%) 
Doctorate 1 (50.0%) 1 (50.0%) 0 (0.0%) 2 (100.0%) 
Other 2 (33.3%) 2 (33.3%) 2 (33.3%) 6 (100.0%) 
Total 40 (71.4%) 9 (16.1%) 7 (12.5%) 56 (100.0%) 
(ii) What do you think about the amount of bees in your allotment?1 
Education level Too much The right 
amount 
Too little Total 
Secondary school 0 (0.0%) 1 (14.3%) 6 (85.7%) 7(100.0%) 
Vocational school / 
Some undergraduate 
degree 
1 (4.8%) 10 (47.6%) 10 (47.6%) 21 (100.0%) 
Bachelor’s degree 1 (16.7%) 1 (16.7%) 4 (66.7%) 6 (100.0%) 
Master’s degree 0 (0.0%) 8 (53.3%) 7 (46.7%) 15 (100.0%) 
Doctorate 0 (0.0%) 1 (50.0%) 1 (50.0%) 2 (100.0%) 
Other 0 (0.0%) 3 (50.0%) 3 (50.0%) 6 (100.0%) 
Total 2 (3.5%) 24 (42.1%) 31 (54.4%) 57 (100.0%) 
 (iii) Would you like to see more bees in your plot? 
Education level Yes, a lot Yes, a little No, not at all Total 
Secondary school 4 (57.1%) 3 (42.9%) 0 (0.0%) 7 (100.0%) 
Vocational school / 
Some undergraduate 
degree 
15 (71.4%) 4 (19.0%) 2 (9.5%) 21 (100.0%) 
Bachelor’s degree 2 (33.3%) 4 (66.7%) 0 (0.0%) 6 (100.0%) 
Master’s degree 8 (57.1%) 6 (42.9%) 0 (0.0%) 14 (100.0%) 
Doctorate 1 (50.0%) 0 (0.0%) 1 (50.0%) 2 (100.0%) 
Other 3 (50.0%) 2 (33.3%) 1 (16.7%) 6 (100.0%) 
Total 33 (58.9%) 19 (33.9%) 4 (7.1%) 56 (100.0%) 
Table 6. Crosstabulation of perception of bees (i: willingness to plant for bees, ii: 
general perception of bees, iii: willingness to see more bees) with respect to 
education level. Number of respondents within each situation and % of all 
respondents (in brackets).  
 
1The responses “far too much” and “a bit too much” were combined as were the 
responses, “a bit too little” and “far too little” based on a similar distinction in most 
contexts. 
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4. Discussion  
 
4.1. The effects of local and landscape variables on bee diversity 
 
The findings of this study support my hypotheses that bee abundance and species 
richness respond favorably to an increase in flower cover, vegetation cover, and 
garden size. However, and unexpectedly, the level of urbanization seemed not to 
influence neither species richness nor the abundance of bees. Overall, this study 
delineates the notion that while both landscape and local factors predicted species 
richness and abundance, local factors appear to be more important in explaining 
bee abundance and species richness in these urban community gardens. For 
example, vegetation cover was retained in three out of the four models, positively 
influencing both bee and wasp abundance and species richness in the pan trap 
study (a higher cover equals more bees and wasps and bee and wasp species, 
respectively). Yet, vegetation cover negatively influenced bumblebee abundance 
in the sweep netting model (a higher cover equals less bumblebees) (see Table 4). 
Furthermore, the percentage of flower cover positively affected bumblebee 
abundance for the sweep netting (more flowers equals more bumblebees). Lastly, 
the average height of the vegetation had a negative effect on both the abundance 
and species richness in the pan traps (taller vegetation equals less bees and wasps 
and bee and wasp species, respectively).  
 
The only landscape variable that had an effect in this study was the size of the 
community garden, and it had a positive effect on bee abundance of both the 
sweep net data as well as the pan trapping data (larger garden equals more bees). 
This finding aligns with the results by Matteson & Langellotto (2010), Hennig & 
Ghazoul (2012), and Wojcik & McBride (2012). The positive influence of garden 
size helps to promote the need for bigger gardens for the bees, as this favorably 
influences their abundance. While none of the remaining landscape variables 
statistically affected bee abundance or species richness, this does not mean that 
the level of urbanization is of no importance. Rather, it suggests that local 
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variables (e.g. flower cover) within a greenspace (e.g. community gardens), are of 
more relevance than the surrounding urban landscape in this study. This implies 
that appropriately planted greenspaces can help to offset the otherwise deleterious 
effects of the surrounding urban matrix on pollinator communities.  Similarly, 
Ahrné et al. (2009) found bumblebee abundance to be more affected by floral 
abundance than the surrounding environment, continuing to promote the idea that 
as long as gardens and other greenspaces are appropriately planted, bees can find 
refuge in the urban milieu. Of note is that many view Helsinki as an already very 
‘green’ city, and therefore not being considered as typically ‘urban’ as some other 
cities, such as New York City, Beijing, etc. This further prompts the need to 
continue this type of research in a variety of other urban areas in order to draw 
more coherent conclusions.  
 
Interestingly, I found divergent results between the pan trap catch and the sweep 
net catch. These results likely stem from the fact that pan traps are a passive 
means of sampling, whereas sweep netting is an active sampling method. 
Additionally, pan trapping lasted for a longer time period (24 hours) than sweep 
netting (5 – 30 minutes), therefore resulting in varying sample sets. Furthermore, 
the two methods sample specimen at varying heights, pan traps at ground level 
and sweep netting at flower height. While the size of the garden positively 
affected both pan trap and sweep netting abundance, this is where the similarities 
end. Due to the fact that the pan traps are not sampling for specimen at flower 
level, but rather at ground level, neither bee and wasp abundance nor species 
richness via pan traps was affected by the percentage of flower cover in the 
gardens. Yet, what did affect the pan trap results was the height of the vegetation, 
and it was negative. The negative effect of vegetation height on bee and wasp 
abundance and species richness in the pans implies that bees and wasps do not 
observe the pans where vegetation is tall.  
 
The overall Bombus spp. fauna collected was diverse and similar to that collected 
by Ahrné et al. (2009). With Ahrné et al. (2009) having conducted their study in 
Stockholm, Sweden – a very comparable city to Helsinki, Finland – it was 
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interesting to note that Ahrné et al. (2009) collected 13 species of bumblebees. 
Similarly I collected 10 species, of which nine were the same as in the study in 
Stockholm (see Table 3). Regarding the rare and endangered species, Mr. 
Paukkunen (pers comm.) indicated that there are relatively many records of 
Andrena minutula having been made in Finland in recent years, so apparently it 
has become more abundant and will likely be removed from the next red list.  
 
While the color of the pan traps were not the main focus of this study, they served 
in providing an interesting comparison to findings in other studies. Interestingly, 
Leong & Thorp (1999) mentioned that relatively few pan studies have been done 
investigating bee abundance, and moreover regarding any insect pollinator. Yet, 
research has shown that utilizing colored pan traps does indeed select for both 
oligolectic and nonoligoletic bee species (Leong & Thorp 1999). However, Leong 
& Thorp (1999) found that the overall success of pan trap color is largely 
dependent on the species. Additionally, McIntyre & Hostetler (2001) suggested 
that there is a potential for bees to be too occupied with real flowers, and therefore 
would result in bees only visiting the pan traps on hot days where the humidity of 
the pans would result in them being more appealing than real flowers. Overall, 
results from my study were relatively evenly distributed (abundance – yellow: 
30.6, white: 31.2, blue: 38.2 % of the catch) (species richness – yellow: 29.8, 
white: 29.8, blue: 40.5 % of the catch) indicating a general success for all pan trap 
colors (see Fig. 6). 
 
As a result of my study only lasting for one season, it would be realistic to assume 
that a more reliable trend could be detected if the study were to have been 
conducted for at least two or three seasons. This is due to the unpredictability of 
climate and other biotic fluctuations that could have occurred during the sampling 
season (Hernandez et al. 2009), yet this aside, my results do tend to align with 
other study results. In future studies, it would be ideal to have pans at varying 
heights to account for bees foraging at different levels, and more pan trap 
sampling dates to account for lost pans, and/or unforeseen rain events. 
Additionally, it would be ideal to sweep net for longer periods of time (i.e. 30 
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minutes) in order to obtain a larger sample set. Lastly, future studies would 
benefit from more extensive vegetation analysis. 
 
4.2. Using gardeners’ perceptions and knowledge in the design and 
management of community gardens 
 
While there were no statistically significant differences from the questionnaire 
between education levels in terms of any of the three hypotheses, cross-
tabulations were able to display differences via percentages more clearly (see 
Table 6). Overall, gardeners had an overwhelmingly positive response to the bees 
indicating that gardeners are favorable towards seeing more bees, as well as 
actively increasing the amount of bees in their gardens by planting pollinator 
appropriate species. These results are in line with the advice from Goulson et al. 
(2008), which stated that gardeners planting pollinator appropriate plants and 
flowers will be very beneficial in the grand scheme of pollinator conservation. 
With the results of this study indicating that community gardeners in Helsinki are 
open to planting to attract pollinators, this gives way to progress in creating more 
ecologically friendly gardens, and subsequently habitat for bumblebees.  
 
Ecological gardening (also known as wildlife gardening and naturalistic 
gardening), which is defined by the use of compost, no or only minimal pesticide 
and fertilizer use, infrequent lawn mowing, and the provision of a diversity of 
resources and habitats for wild species, is being promoted with more enthusiasm 
(Lindemann-Matthies & Marty 2013). Overall, “nature-friendliness” has been 
growing successfully in Europe (Lindemann-Matthies & Marty 2013). The 
findings from my study convey similar results of this desire, at least with regards 
to bees in gardens, due to part of the “nature-friendliness” movement pertaining to 
the provision of habitat for species. One reason for the general positive attitude 
towards bees in my study may be that gardeners had quite good knowledge of the 
ecological importance of bees (even though this was not surveyed directly, only 
the education level was asked). It may be the case in Helsinki, as Goddard et al. 
(2010) proposed, in which gardeners tend to have more ecological knowledge 
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about their gardens than even the managers of urban greenspaces. This aligns with 
the study by Andersson et al. (2007), in noting that LEK is important, and if 
gardeners have knowledge of their local ecosystem it makes sense to incorporate 
these individuals into management decisions pertaining to these greenspaces. 
What is important is the continued education of the public, and also of gardeners, 
about the ecological facts and options they could apply in their gardening because 
practical knowledge is more of a hindrance in moving forward than anything else 
(Lindemann-Matthies & Marty 2013).  
 
Furthermore, Matteson & Langellotto (2011) showed that throughout their study 
(assessing additions of native plants in relation to the potential to augment insect 
richness in urban gardens), the gardeners with whom they worked with became 
more aware of bees during the course of their project. Matteson & Langellotto 
(2011) go on to suggest that this implies that even if conservation actions prove 
unsuccessful, they could at least result in a “more ecologically attuned populace.” 
It may even be (though it was not the aim of the survey) that my questionnaire 
resulted in the gardeners with whom I engaged with thinking more critically about 
the importance of pollinators in their plots. Finally, a topic worth mentioning is 
the “neighbor mimicry effect,” which influences gardeners with regards to what 
they plant in their space (Goddard et al. 2010). For example, Goddard et al. 
(2010) note that gardens nearby one another tend to look more like one another, 
therefore suggesting that if the trend to plant pollinator appropriate species 
catches on, it could quickly spread. Ultimately, it would be ideal if gardeners were 
competing over the creation of wildlife habitat once a conservation ethos was 
engrained (Goddard et al. 2010), and it is even postulated that gardeners will 
implement ecological gardening practices if they believe their neighbors to be 
doing so and/or if they trust their neighbors support their idea (Lindemann-
Matthies & Marty 2013). This does not seem far-fetched, at least in Helsinki, 
given the results found in my questionnaire, with the very favorable results 
regarding the perception of bees. In other words, if gardeners in Helsinki are 
already favorable towards bees in their gardens, and if they realize their neighbors 
are actively encouraging their presence by planting for pollinators, then it could 
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be interesting to study in the future if the neighbor mimicry effect is both 
beneficial and taking place in Helsinki.  
 
4.3. Conservation and the way forward  
 
With urban ecological footprints extending far beyond that of city limits, and 
subsequently affecting environmental change at a global scale, it is of the utmost 
importance to mitigate the anthropogenic effects in whatever way we can 
(Goddard et al. 2010). My findings promote the idea that green infrastructure can 
function as habitat for bees, rendering urbanization not as catastrophic on 
pollinator communities. In other words, local variables are important in predicting 
the presence of bees. While this does not render landscape variables obsolete, it 
implies a need for a greater focus on local features within greenspaces. It has been 
demonstrated that urbanization is not too strong of a factor to eliminate bee 
presence entirely, but rather that urban areas have the potential to become robust 
ecosystems, and subsequently aid in pollinator conservation (Tommasi et al. 
2004, Wojcik & McBride 2012). As long as the needs of bees are kept in mind, 
via appropriate planting, urban gardens could potentially serve as an important 
conservation tool to preserve native bee communities (Wojcik et al. 2008). If 
more community gardens are integrated into urban areas, as well as green roofs of 
varying height, in conjunction with more horizontal corridors and other types of 
green infrastructure, all with diverse plant communities, this would promote urban 
biodiversity, and especially here, urban bees and the services (pollination) they 
provide (Tonietto et al. 2011). If garden habitats are continuously acknowledged 
as habitat for urban biodiversity, this could result in these spaces being included 
more so in conservation strategies (Samnegård et al. 2011).  
 
Yet in addition to promoting more greenspace creation and conservation, this 
work needs to be coupled with more studies on other continents to better map 
bees, as well as the implementation of monitoring projects at local levels, in order 
to create a more coherent global program regarding pollinators (Potts et al. 2010). 
As Hennig & Ghazoul (2012) justly note, the effects of different responses will 
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vary in each city depending on the city’s characteristics, such as overall size, 
levels of pollution, as well as the intensity of human activity, therefore 
encouraging the need for a more thorough study of bees in all types of urban 
settings. A clearer understanding of bees in urban settings will be beneficial, as no 
one finding can easily be applied to another city based on inherent differences. 
Future studies could aid in the ability to further establish the causal relationships 
between bees and the environment (Hernandez et al. 2009). Despite whether the 
Einstein quote does in fact come from Einstein or not, it does help to exemplify 
the urgency with which pollinator conservation must be tackled, “When bees 
vanish from the Earth, mankind will have just four more years to live; no bees, no 
pollination, no plants, no animals, no humans…” (Tautz 2008). 
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7. Appendices  
 
Appendix 1. 
Research Questionnaire 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
!
!TUTKIMUS!PALSTAVILJELMILLÄ!
RESEARCH'IN'ALLOTMENT'PLOTS'
ESITTELY!
Tutkimme(mehiläispopulaatioita(Helsingin(kaupungin(palstaviljelmillä(Helsingissä(ja(olemme(
kiinnostuneita(teidän(mielipiteestänne(mehiläisistä.(Kyselylomake(koostuu(kolmestatoista(lyhyestä(
kysymyksestä,(joihin(toivomme(teidän(vastaavan(joko(rastittamalla(sopivan(vaihtoehdon(tai(
kirjoittamalla(vastauksen.((Vastaukset'käsitellään'täysin'anonyymisti'ja'niitä'käytetään'vain'
tähän'tutkimukseen.(Kiitos(osallistumisestanne!(
INTRODUCTION!
We(are(studying(bee(populations(in(urban(allotment(plots(in(Helsinki(and(we(are(interested(in(your(
opinion(on(bees.(The(questionnaire(consists(of(thirteen(short(questions(where(you(either(tick(or(write(
down(the(answer.(The'answers'are'treated'completely'anonymously'and'the'responses'are'used'
only'for'purposes'of'this'research.''Thank(you(for(participating!(
!1.!Kuinka(kauan(olette(omistaneet(palstanne(tai(puutarhanne?(((How(long(have(you(had(your(plot?)(! Alle!vuoden!(Less!than!one!year)! ! ! [!!!]!172!vuotta!(One7two!year)! ! ! ! [!!!]!273!vuotta!(Two7three!years)! ! ! ! [!!!]!Kolme!tai!useampia!(Three!or!more!years)! ! [!!!]!2.!!Kuinka(usein(hoidatte(omaa(tonttianne((palstaviljelmäänne)?((How(often(do(you(tend(to(your(plot(
(allotment)?) En!ollenkaan!(Never)!! ! ! ! ! [!!!]!Pari!kertaa!vuodessa!(Couple!of!times!a!year)!!! [!!!]!Noin!kerran!kuussa!(c.a.!once(a(month)!! ! [!!!]!Pari!kertaa!kuukaudessa!(Couple!of!times!a!month)! [!!!]!Viikoittain!(Weekly)! ! ! ! ! [!!!]!Päivittäin!(Every(day)! ! ! ! ! [!!!]!
KÄÄNNÄ!/!TURN► !
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3.!Millaisia(kasveja(teillä(on(omalla(palstallanne?(Rastikaa(kaikki(kasvityypit,(joita(tiedätte(
puutarhassanne(olevan,(sekä(nimetkää(kaikki(ne(lajit,(joiden(tiedätte(kasvavan(palstallanne.((What(
kinds(of(plants(do(you(have(in(your(allotment?(Tick(all(the(plant(types(you(know(you(have(in(your(
allotment(and(name(the(species(that(you(are(aware(of(growing(in(your(allotment. Vihanneksia!(Vegetables)! ! ! ! [!!!]!Jos!kyllä,!mitä!vihanneksia!(If!yes,!what!vegetables):!____________________________________!__________________________________________________________________________________________________________________________________________________________________________________________________________________!!Kukkia!(Flowers)! ! ! ! ! [!!!]!!! Jos!kyllä,!mitä!kukkia!(If!yes,!what!flowers):!______________________________________________!!__________________________________________________________________________________________________________________________________________________________________________________________________________________!!Yrttejä!(Herbs)!! ! ! ! ! [!!!]! ! ! !Jos!kyllä,!mitä!yrttejä!(If!yes,!what!herbs):!________________________________________________!!__________________________________________________________________________________________________________________________________________________________________________________________________________________!!Hedelmiä!(Fruits)! ! ! ! ! [!!!]!!Jos!kyllä,!mitä!hedelmiä!(If!yes,!what!fruits):!!_____________________________________________!!__________________________________________________________________________________________________________________________________________________________________________________________________________________!!Muut!(Other)! ! ! ! ! ! [!!!]!Jos!kyllä,!mitä!(If!yes,!what):!!_______________________________________________________________!__________________________________________________________________________________________________________________________________________________________________________________________________________________!
(
4.(Oletteko(havainneet(palstaviljelmillä(elävän(tai(käyvän(eläimiä((kuten(lintuja,(nisäkkäitä(tai(
hyönteisiä)?((Have(you(noticed(that(there(lives(or(visits(any(animals(in(your(allotment((for(example:(
mammals,(bird,(or(insects)?)( Kyllä!! (Yes)!! ! ! ! ! ! [!!!]!Ei!! (No)! ! ! ! ! ! [!!!]!En!tiedä!(I(don’t(know)!! ! ! ! [!!!]!Jos!kyllä,!mitä!lajeja!olette!havainneet!(If!yes,!what!species!have!you!noticed?):!!__________________________________________________________________________________________________________________________________________________________________________________________________________________!!!!
KÄÄNNÄ!/!TURN► !
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5.(Oletko(havainneet((eläimiä!muualla((palstaviljelmillä((R(tai(puutarhaRalueella?((Have(you(noticed(
any(animals(in(the(whole(garden(/(allotment(area?)!Kyllä!! (Yes)!! ! ! ! ! ! ! ! ! ! [!!!]!Ei!! (No)! ! ! ! ! ! ! ! ! ! [!!!]!En!tiedä!(I(don’t(know)!! ! ! ! ! ! ! ! [!!!]!Jos!kyllä,!mitä!eläinlajeja!olette!havainneet!(If!yes,!what!animal!species!have!you!!noticed):!!_____________________________________________________________________________________!_________________________________________________________________________________________________________!
(
6.(Mitä(mieltä(olette(mehiläisten(määrästä(palstaviljelmillä?((What(do(you(think(about(the(amount(of(
bees(in(your(allotment?) Aivan!liian!paljon!(Far!too!much)! ! ! ! ! ! ! [!!!]! !Hieman!liikaa!(A!bit!too!much)! ! ! ! ! ! ! [!!!]!Oikea!määrä!(The!right!amount)! ! ! ! ! ! ! [!!!]!Hieman!liian!vähän!(A!bit!too!little)! ! ! ! ! ! ! [!!!]!Liian!vähän!(Far!too!little)! ! ! ! ! ! ! ! [!!!]!
(
7. Kuinka(usein(olette(havainneet(mehiläisiä(tontillanne(tai(sen(välittömässä(läheisyydessä?((How(
often(have(you(observed(bees(in(your(allotment(or(in(the(instant(vicinity(of(the(allotment?)( !Ei!koskaan!(Never)!! ! ! ! ! ! ! ! ! [!!!]!Yksi!tai!kaksi!kertaa!viljelykauden!aikana!(One!to!two!times!in!a!growing!season)! [!!!]!!Joka!toinen!kerta!kun!käyn!tontillani (Every!other!time!I!visit!my!allotment)! ! [!!!]! !Joka!kerta!kun!käyn!tontillani!(Every!time!I!visit!my!allotment)! ! ! [!!!]!
(
8.(Haluaisitteko(nähdä(enemmän(mehiläisiä(tontillanne?((Would(you(like(to(see(more(bees(in(your(
plot?) ! Kyllä,!paljon!(Yes,!a(lot)! ! ! ! ! ! ! ! [!!!]!! Kyllä,!vähän!(Yes,!a!little)! ! ! ! ! ! ! ! [!!!]!! En,!ollenkaan!(No,(not(at(all)!! ! ! ! ! ! ! ! [!!!]!
(
(
(
(
!KÄÄNNÄ!/!TURN► !
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9.(Kasvatatteko(kukkia(tai(muita(kasveja,(joiden(olette(huomanneet(houkuttelevan(mehiläisiä?((Do(you(
grow(any(flowers,(or(other(plants,(that(you(have(observed(attracting(bees?)!Kyllä!! (Yes)!! ! ! ! ! ! ! [!!!]!Ei!! (No)! ! ! ! ! ! ! [!!!]!En!tiedä!(I(don’t(know)!! ! ! ! ! [!!!]!Jos!kyllä,!mitä!nämä!kasvilajit!ovat!(If!yes,!what!are!these!plant!species):!_________________________________________________________________________________________________________!!10.!Oletteko(koskaan(istuttaneet(palstaviljelmillä(mitään(nimenomaan(houkutellaksenne(mehiläisiä(
tontillenne?((Have(you(ever(planted(any(species(specifically(to(attract(bees(to(your(allotment?)(Kyllä!! (Yes)!! ! ! ! ! ! ! [!!!]!Ei!! (No)! ! ! ! ! ! ! [!!!]!Jos!kyllä,!mitä!(If!yes,!what):!________________________________________________________________!!
11.(Voisitteko(kuvitella(koskaan(istuttavanne(kasveja(nimenomaan(houkutellaksenne(mehiläisiä(
palstaviljelmille?((Would(you(ever(plant(specifically(to(attract(bees(in(your(allotment?)!Kyllä!! (Yes)!! ! ! ! ! ! ! [!!!]!Ei!! (No)! ! ! ! ! ! ! [!!!]!En!tiedä!(I!don’t!know)!! ! ! ! ! [!!!]!
(
12.(Käytättekö(torjuntaRaineita(palstaviljelmillä?((Do(you(use(any(pesticides(or(herbicides(in(your(
allotment?)!Kyllä!! (Yes)!! ! ! ! ! ! ! [!!!]!Ei!! (No)! ! ! ! ! ! ! [!!!]!Jos!kyllä,!mitä!torjunta7aineita!(If!yes,!what!pestisides!or!herbicides):!_________________________________________________________________________________________________________!!
13.(Muita(ajatuksia(mehiläisistä?((Any(other(thoughts(about(bees?)(_______________________________________(
__________________________________________________________________________________________________________________(
__________________________________________________________________________________________________________________(
__________________________________________________________________________________________________________________!! !
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!
PERUSTIEDOT!
BASICS(
!
Ikä'' ! ! ! ! ! Sukupuoli!
Age( ( ( ( ( ( Gender(! 18720! [!!!]!! ! ! ! ! Mies!(Male)! ! [!!!]!21730! [!!!]!! ! ! ! ! Nainen!(Female)! [!!!]!31740! [!!!]!!41750! [!!!]!!51760! [!!!]!!61770! [!!!]!!71<! [!!!]!!
Koulutustaso'
Education(level(
(Yläaste!(Secondary!school)! ! ! ! [!!!]!Ammattikoulu!(Vocational!school)! ! ! [!!!]!
Jokin perustutkinto (Some!undergraduate!degree)! [!!!]!Kandidaatin!tutkinto!(Bachelor’s!degree)! ! [!!!]!Maisterin!tutkinto!(Master’s!degree)! ! ! [!!!]!Tohtorin!tutkinto!(Doctorate!degree)! ! ! [!!!]!Muu!koulutus!(Other)! ! ! ! ! [!!!]!!Jos!muu,!mikä!(If!other,!what)!_________________________!
!
!
Ammatti'
Occupation(
(!
Puutarhanne''
Your(Garden(
(
UUTELA,'VUOSAARI,'Uutelantie'''''''''''''''''''''[''']' PAKILA,'Pakilan'rantatie''''''''''''''''''''''''''''''''''''''''[''']'
HERTTONIEMI,'hyppyrimäki''''''''''''''''''''''''''''[''']' VIIKKI,'Viikin'puutarhaviljelyskeskus'''''''''''''''''''[''']'
MEILAHTI,'Meilahdentie''''''''''''''''''''''''''''''''''[''']'''' MYLLYPURO,'Viikintie–Viilarintie'kolmio'''''''''''[''']'
TALINLEHTO,'TALI,'Talin'puistotie''''''''''''''''''[''']' MALMI,'Karviaismäki'''''''''''''''''''''''''''''''''''''''''''''[''']'
PUOTILA,'JUORUMÄKI,'Puotilantie''''''''''''''''[''']' ITÄVÄYLÄ,'MELLUNMÄKI,'Yllästunturinkuja''''''[''']'
HAAGA,'Ohjaajantie''''''''''''''''''''''''''''''''''''''''''[''']' KORPAS,'NIEMENMÄKI,'Korppaanpuisto'''''''''''[''']'
!!!
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Appendix 2.  
 
Responses to question 3 in the questionnaire (see Appendix 1) – An 
exhaustive list of all response types received: “What kinds of plants do you 
have in your allotment? Tick all the plant types you know you have in your 
allotment and name the species that you are aware of growing in your allotment.” 
 
a: vegetables	   	  	   	  	   	  	   	  	   	  	  
artichoke arugula asparagus beans beetroot berry bush broad beans 
broccoli brussel sprouts 
bush 
beans cabbages carrot 
carrots 
(yellow 
& blue) 
cauliflower 
celery chard chives corn cucumber dill eggplant 
field-
cultivated 
cucumber 
garlic gherkin green beans herbs 
jerusalem 
artichoke kale 
kohlrabi leek lettuce long peas onion 
onion 
(red and 
yellow) 
open soil 
cucumber 
paprika parsley parsnip peas pepper potatoes pumpkin 
radish red root rhubarb root artichoke 
root 
celery 
root 
cucumber 
root 
vegetables 
salad 
(romaine, 
iceberg) 
salads sorrel spaghetti squash spinach squash strawberries 
summer 
squash swede tomatoes turnip 
wild 
arugula 
yellow 
beetroot zucchini 
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b: flowers	  
'antirrhi-
um 
majus' 
anemone annuals aster baby blue eyes bead lily 
biolets / 
pansy 
bluebell carnation Caucasian Scabious 
Chrysanth-
emum clematis clover columbine 
coneflo-
wer cornflower 
cosmos 
flower cress crocus daffodil dahlia 
daisy dalia daylily dense blazing star echinacea Echium firewheel 
forget-
me-not 
garden 
phlox gladiola goldenrod 
Great 
Masterw-
ort 
hollyhock iris 
june 
mallow kalanchoe lavender lilies lupins mallow malva 
malvik marigold mawa milkweed narcissus 
northern 
lights 
azalea 
orchid 
peony perennials periwinkle phlox flowers poppy primrose 
processed 
wood 
anemone 
ring 
flower roses saffron 
silver cup 
flower 
'small' 
papaver 
spear 
thistle 
spring 
flower 
St. 
John's 
fire 
salvia 
summer 
flower mix sundrop sunflower sweet pea tagetis 
tasselfl-
ower 
telekia 
speciosa tulips viola 
yellow 
chamomile zinnia   
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c: herbs 	  	   	  	   	  	     	  	   	  	  
basil  borage broad beans catnip chives 
citrona 
melissa  dill 
garlic horseradish hyssopus lavender lemon balm lovage marjoram 
mango melissa mint oregano parsley  peppermint racuna 
rosemary sage/clary salad salvia savory currant spearmint spinach 
tarragon thyme winter savory     
 
 
d: fruit 	  	   	  	   	  	   	  	  
apples  arctic raspberry berries  black currant blackberries   
currant gooseberry grape highbush blueberry lingonberry 
pumpkin raspberry red currant strawberries white currant 
 
 
e: other 	  	   	  	   	  	   	  	   	  	   	  	  
aronia artichoke asparagus beans beets berry bushes 
black 
currant 
boysenberry carrot corn cucumber currant elderberry  garlic 
gooseberry  gourds green currant hops 
jerusalem 
artichokes 
medicinal 
flowers peas 
raspberry red berry red currant  
red wine 
berry rhubarb salads 
sea-
buckthorn  
sorrel strawberry 
summer 
squash / 
zucchini 
tomatoes weeds white currant 
white wine 
berry 
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Appendix 3. Responses to question 13 in the questionnaire (see Appendix 1) – 
An exhaustive list of all responses received (positive, neutral and negative): 
“Any other thoughts about bees?” 
 
Positive (n = 26) 
Important, necessary. I like them. 
They are necessary. Necessary and make the flowers thrive. 
Very sad that there aren't as many this 
year, and there are more wasps than 
bees. 
If there are no bees on the earth, we are 
going to be destroyed in a few years… 
See as a big part of the environment. There should be more of them, and they do good. 
Necessary and nice and harmless to 
farmers. Needed. 
Important thing, actually a vital thing. The bees have been lost? Pollinators are needed, welcome back! 
Bees are an important part of the 
ecosystem, without them we would be 
in real trouble. 
They are good pollinators for edible 
plants. 
Good. Nice. 
We love bees! We need more of them. 
Welcome good pollinators. Would like to see more. Should 
introduce hives. 
:) Useful. 
They're cool! The bees are the best. 
Very positive thoughts! OK! :) 
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Neutral (n = 11) 
Sympathetic insects - it's a pity that 
humans eat their honey (I have to admit 
that I also eat honey sometimes though) 
Note! I counted 'included' in this 
bumblebees, wasps, etc. - honeybees 
are perhaps less. 
Last year in the summer of 2012, there 
was a bee farmer with bee boxes, and 
he moved to another district. There was 
too little honey in 2012. 
Not a problem, nice to see insects in 
general. Reduced. 
They were pretty good, the harvest was 
bigger. 
Ok. 
The bees have been reduced 
dramatically. 
? 
Less than previous years (cold spring?) I have not paid particular attention to 
them, but clearly they are, because the 
plants are pollinated. 
Useful for pollination and honey.  
 
 
 
Negative (n = 1)  
Last year they bit me very often and were aggressive. 
 
